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I. BRS $+\mathrm{U}\mathrm{n}\mathrm{i}\mathrm{t}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{y}$ BRS Kugo-Ojima
II. $\mathrm{L}\mathrm{a}\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{i}\mathrm{a}\mathrm{n}+\mathrm{C}\mathrm{o}\mathrm{v}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{a}\mathrm{n}\mathrm{c}\mathrm{e}$ Lagrangian $GL(4)$ de Donder
III. Operator $+$ Canonical Quantization




1524 2006 38-49 38
24 Einstein-Hilbert
$S= \int d^{4}x\mathcal{L}=\frac{1}{2\kappa}\int d^{4}xhR+S_{mattcr}$ , (1)
$\hslash$ $R$ $S_{ma}tte\mathrm{r}$
$g=\det g_{\mu\nu},$ $h=\sqrt{-g}$ –
$\delta_{G}g_{\mu\nu}=-\partial_{\mu}c^{\lambda}g_{\lambda\nu}-\partial_{\nu}c^{\lambda}g_{\mu\lambda}-c^{\lambda}\partial_{\lambda g_{\mu\nu}}$, (2)
I, BRS $+\mathrm{U}\mathrm{n}\mathrm{i}\mathrm{t}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{y}$ BRS –
$\mathrm{c}^{\lambda}$ Faddev-Popov $(\mathrm{F}\mathrm{P})$
$\Phi$ BRS $\delta_{*}\Phi$
$\delta_{*}g_{\mu\nu}=-\partial_{\mu}c^{\lambda}g_{\lambda\nu}-\partial_{\nu}c^{\lambda}g_{\mu\lambda}-c^{\lambda}\partial_{\lambda g_{\mu\nu}}$ , (3)
BRS $\Phi$ intrinsic B $\delta$
$\delta_{*}\Phi=\delta\Phi-c^{\lambda}\partial_{\lambda}\Phi$, (4)
$\delta g_{\mu\nu}=-\partial_{\mu}c^{\lambda}g_{\lambda\nu}-\partial_{\nu}c^{\lambda}g_{\mu\lambda}$ , (5)
BRS nilpotent $\delta^{2}=0$ $\mathrm{F}\mathrm{P}$ \mbox{\boldmath $\delta$} $=0$
FP $\overline{c}_{\rho}$ Nakanishi-Lautrap $(\mathrm{N}\mathrm{L})$ ( $\mathrm{B}$ ) $b_{\rho}$
$\mathrm{B}\mathrm{R}S$
$\delta\overline{c}_{\rho}=ib_{\rho},$ $\delta b_{\rho}=0$ , $\delta^{2}=0$
II, $\mathrm{L}\mathrm{a}\mathrm{g}\mathrm{r}\mathrm{a}\mathrm{n}\mathrm{g}\mathrm{i}\mathrm{a}\mathrm{n}+\mathrm{C}\mathrm{o}\mathrm{v}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{a}\mathrm{n}\mathrm{c}\mathrm{e}$




$=$ $-\tilde{g}^{\mu\nu}\partial_{\mu}b_{\nu}-i\tilde{g}^{\mu\nu}\partial_{\mu}\overline{c}_{\rho}\partial_{\nu}c^{\rho}+\mathrm{t}\mathrm{o}\mathrm{t}\mathrm{a}\mathrm{l}$ derivative, (6)
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$P(X) \equiv\int d^{3}x\mathcal{P}^{0}$ ,
$M(X,Y) \equiv\int d^{3}x\mathcal{M}^{0}(X, Y)$ , (12)
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3$P(X),$ $M(X, Y)$ BRS $GL(4)_{\text{ }}$ Lagrangian
Poincar\’e 16 II, Lagrangian
Covariance de Donder choral symmetry
$\mathrm{S}$
$<0|g_{\mu\nu}|0>=\eta_{\mu\nu}$ , (13)
Minkowski $\eta_{\mu\nu}$ $GL(4)$ $\hat{M}^{\mu_{\nu}}\equiv M(x^{\mu}, b_{\nu})-M(\text{ }, \overline{c}_{\nu})$














IV Heisenberg Picture ( )
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$g_{\mu v}=g_{\mu\nu}^{(0)}+\kappa g_{\mu\nu}^{(1)}+\kappa^{2}g_{\mu\nu}^{(2)}+\cdots$ , (18)
$\kappa$ $0$ $g_{\mu\nu}^{(0)}$
$c$ $q$ $\kappa$
$0$ $\mathit{9}_{\mu\nu}^{(0)}$ $c$ BRS
(7) $\kappa$
Pauli-Jordan $\mathrm{D}$ gravitational Pauli-Jordan




D(x, $y$ ) $|_{0}=-(\tilde{g}^{00})^{-1}\delta^{3}(x-y)$ , (19)
$|0$ $x^{0}=y^{0}$
gravitational $D$ $\kappa$










D Laplacian g\mu \nu g\mu \nu (x)
$\mathrm{B}\mathrm{F}$ [7]
$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]=0$ , (24)






$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]\neq 0$ ,
5 3 Chern-Simons gauge
$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]\neq 0$ , toy model 3 Chern-Simons gauge
43
3 Chern-Simons gauge Lagrangian
$\mathcal{L}=k\epsilon^{\mu\nu\lambda}(A_{\mu}^{a}\partial_{\nu}A_{\lambda}^{a}+\frac{g}{3}f^{abc}A_{\mu}^{a}A_{\nu}^{b}A_{\lambda}^{c})$ , (26)
$g$












$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]_{|0}= \frac{ig^{2}}{2k}\epsilon_{0\mu\nu}\delta^{ab}\delta^{2}(x-y)$ ,
$[ \dot{A}_{\mu}^{a}(x), A_{\nu}^{b}(y)]_{|0}=\frac{ig^{2}}{2k}\epsilon_{\mu\nu\lambda}\delta^{ab}(\partial^{\lambda})^{x}\delta^{2}(x-y)-\frac{ig^{2}}{2k}\epsilon_{\mu\nu 0}f^{a\mathrm{c}b}A_{0}^{\mathrm{c}}(y)\delta^{2}(x-y)$ , (29)
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– 3 Lagrangian Lagrangian
$\mathcal{L}=-\frac{1}{4}F^{\mu\nu a}F_{\mu\nu}^{a}+\mathcal{L}_{matter}$ , (31)
$F_{\mu\nu}^{a}=\partial_{\mu}A_{\nu}^{a}-\partial_{\nu}A_{\mu}^{a}+g([A_{\mu}, A_{\nu}])^{a}$ $\mathcal{L}_{GF+FP}$ $\mathcal{L}_{matter}$
Lagrangian V $\kappa$ Expansion
g Einstein
$A_{\mu}^{a}arrow(1/g)A_{\mu}^{a},$ $F_{\mu\nu}^{a}arrow(1/g)F_{\mu\nu}^{a}$ ,
$\mathcal{L}=-\frac{1}{4g^{2}}F^{\mu\nu a}F_{\mu\nu}^{a}+\mathcal{L}_{matte\mathrm{r}}$ , (32)
$F_{\mu\nu}^{a}=\partial_{\mu}A_{\nu}^{a}-\partial_{\nu}A_{\mu}^{a}+([A_{\mu)}A_{\nu}])^{a}$ ,
\mu \nu a Lagrangian (32) l-st order formalism
$\mathcal{L}=-\tilde{B}^{\mu\nu a}F_{\mu\nu}^{a}+g^{2}\tilde{B}^{\mu\nu a}\tilde{B}_{\mu\nu a}+\cdots$ , (33)
Lagrangian $garrow \mathrm{O}$ $0$
$\mathcal{L}^{(0)}=-\frac{1}{2}\tilde{B}^{\mu\nu a}F_{\mu\nu}^{a}+\cdots$ , (34)
$0$ nonabelian $\mathrm{B}\mathrm{F}$ $\mathrm{B}\mathrm{F}$
$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]=0$ , (35)
[7]
nonabelian $D$ $\prime D^{ab}(x, y)$ nonabelian $D$
(Cauchy )
$(\partial^{\mu}D_{\mu}a\mathrm{C})^{x}D^{cb}(x, y)=0$ ,
D $(x, y)_{|0}=0$ ,
$\partial_{0^{x}}D^{ab}(x,y)_{|0}=-\delta^{ab}\delta^{2}(x-y)$ , (36)
$(D_{\mu}a\mathrm{c})^{x}=(\delta^{a\mathrm{C}}\partial_{\mu}+f^{abC}A_{\mu}^{b})^{x}$ , $(\partial^{\mu}D_{\mu}a\mathrm{C})^{x}=(\partial^{\mu})^{x}(\delta^{a\mathrm{c}}\partial_{\mu}+f^{ab\mathrm{c}}A_{\mu}^{b})^{x}$ (37)
45
3$F^{a}(x, y)$ $=$ $- \int d^{3}u\epsilon(x, y;u)D^{ab}(x, u)(\partial^{\mu}D_{\mu}b\mathrm{C})^{u}F^{c}(u, y)$
$- \int du^{2}[D^{ab}(x, u)(D_{0}^{k})^{u}F^{c}(u, y)-\partial_{0^{u}}D^{ab}(x, u)\cdot F^{b}(u, y)]|_{u^{\mathrm{O}}=y^{0}}$ , (38)
$du^{2}=du^{1}du^{2}$








Topological Massive Gauge Theory [8] Lagrangian
$L=- \frac{1}{4}F^{\mu\nu a}F_{\mu\nu}^{a}+k\epsilon^{\mu\nu\lambda}(A_{\mu}^{a}\partial_{\nu}A_{\lambda}^{a}+\frac{g}{3}f^{abc}A_{\mu}^{a}A_{\nu}^{b}A_{\lambda}^{c})$ , (40)
$A_{\mu}^{a}arrow(1/g)A_{\mu^{\text{ }}^{}a},F_{\mu\nu}^{a}arrow(1/g)F_{\mu\nu}^{a}$
$\mathcal{L}=-\frac{1}{4g^{2}}F^{\mu\nu a}F_{\mu\nu}^{a}+\frac{k}{g^{2}}\epsilon^{\mu\nu\lambda}(A_{\mu}^{a}\partial_{\nu}A_{\lambda}^{a}+\frac{1}{3}f^{ab\mathrm{c}}A_{\mu}^{a}A_{\nu}^{b}A_{\lambda}^{c})$, (41)
$\tilde{B}^{\mu\nu a}$ Lagrangian l-st order formalism
$\mathcal{L}=-\tilde{B}^{\mu\nu a}F_{\mu\nu}^{a}+g^{2}\tilde{B}^{\mu\nu a}\tilde{B}_{\mu\nu a}+\frac{k}{g^{2}}\epsilon^{\mu\nu\lambda}(A_{\mu}^{a}\partial_{\nu}A_{\lambda}^{a}+\frac{1}{3}f^{abe}A_{\mu}^{a}A_{\nu}^{b}A_{\lambda}^{c})$, (42)
$0$ $garrow \mathrm{O}$ $\frac{k}{g^{2}}$ – $garrow \mathrm{O}$
$0$


















$\delta\Phi=0$ , for other fields, (47)
$\tilde{B}_{\mu}^{a}$






3[7] $A_{\mu^{\backslash }}^{a}\tilde{B}_{\mu}^{a}$ 3
$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]=0$ ,
$[\tilde{B}_{\mu}^{a}(x),\tilde{B}_{\nu}^{b}(y)]=0$ ,
$[A_{\mu}^{a}(x),\tilde{B}_{\nu}^{b}(y)]=i\epsilon_{\mu\nu\lambda}(\partial^{\lambda})^{x}D^{ab}(x, y)$ , (50)
(43)
$\tilde{B}_{\lambda}^{a}arrow\tilde{B}_{\lambda}^{a}+\frac{k}{g^{2}}A_{\lambda}^{a}$ , (51)





$D^{ab}(x,y)arrow k^{1/3}D^{ab}(x, y)$ , (52)
$karrow\infty$ (43) 1 Chern-Simons
$[A_{\mu}^{a}(x), A_{\nu}^{b}(y)]\neq 0$ , (53)
Chern-Simons
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